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Low Frequency Raman Mode in Smectic Liquid‘Crystalé
‘Near the Phase Transitions '

Nabil M. Amer and Y. R. Shen
Department of Physics, University of California
' and -
Inorganic Materials Research Division,

~ Lawrence Berkeley Laboratory,
Berkeley, California 94720

'ABSTRACT

A Jow-frequency intermolecular Raman mode at ~ 24 cm
was observed in the solidvphaée of two related smecfic A
cémpounds. This mode shifts abruptlyytb lower frequency
and decreases in intensify at the fransition to émectié,
&hile vanishing in the.liquid phase. Qualitative iﬁter—

pretation of the results is given.

Un mode Raman intermoleculaire de basse fréquence a été
-~ rd —1 . - . \
observe a 24 cm =, dans la phase solide de deux composes -
smectiques A. Ce mode se deplace soudainement vers les

. _ ,
basses frequences et decroit enintensité.a la transition

solide~smectique, tondis qu'il disparait dans la phase liquide.

On donne une interpretation qualitative des resultats.
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" We have investigated the Raman speétra of the smectic Al compounds
diethylazoxybenzoate (DEAB) and diethylézoxycinnamate (DEAC) in their
different phases. As in the case of nematic compounds,z—5 we have
observed changes in the spectra when the smectogens undergo phase
transitions. In particular, we have found for the first time in
smectic compounds a low frequency intermolecular mode exhibiting both
frequeﬁcy shift énd intensity change at the transitions. |

The experimental arrangement cénsisted of a photon counting
setup5 used in conjunction with a douﬁle monochromator; The exciting
light wés the 5145 A line of Ar' laser. By employing the iodine
filter techniqi.\e,7 we were ablé to obtain Raman spéctfa ﬁo withiﬁ
5 cm«l of the laser line. To insure proper tgmperature_cdntrol, a
copper block immersed in an oil bath was used. The temperature was
monitored conétantly ana fluctuations were iess than 0.035°C. All
solid samples were investigated in the polycrystalline form.

In the spectral rénge‘of 5 to 100 cm_l, solid DEAB and bEAC have
a single Raman modé at 22 cm—l.and 26 c:m-l respectively (see Fig. 1).
This Raman ﬁode shows significant changes as the material undergoes
~ phase transiﬁions. In the transition from solid to smectic, it shifts
to 14 cm_l (for both compounds) ahd decreases in intensity significantly.
Then, as>the isotropic phase is reached, it vanishes abruptly. In
Fig. 2 we have plotted the frequency shift as a function of temﬁerature
for DEAB. The curve exhibits a characteristic quasidiscontinuity at
both transitions. | Figure 3 shows the change in the mode
intensity as temperature changes. The discontinuities at both thé

solid-smectic and the smectic-isotropic transitions are observed. The
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linewidth of this mode remains unchanged in the solid and smectic

phases{ DEAC shows similar behavior.

To explain oﬁr résﬁlts_qhalitatively, lét us first consider the
structure of smectic compounds as deduce& from X—ray‘wo_rk.s’9 In
the solid phage,‘fhevunit'cell.is tficlinicAand contains twovmolecﬁles.
Tﬁe moleéules, which'are_néarly planér, are fixé&vin posifion and
‘packed with the plaﬁes of adjacent molecules facing each other in a
Parallél array. This is in'coﬁtraét ﬁith'the imbricated structure of
nematogenic substances. The éarboxyl and azoxy groups of DEAB are
.found'tovbevin the cis céﬁfiguration. This implieé the existence of
s;rong:dipole'moments in ﬁhe plane of the moleéule and at angles to

its long axis. In the smectic phase, the thickness of the molecular

layers increases over that of the solid lattice,9 but the long axis

of the molecules remains preferentially aligned. The molecules can now
move more‘randomly within ;he layers, and presumably can have hindered

rotation about their long éxeé.lo Finally, in‘thé isotropic phase,

- complete disorder sets in and the molecules undergo random motion in

all dimensions.

We interpret the origin of the observed low frequency mode as

arising from the intermolécular dipole-dipole interattion between

the carboxyl groups of two mdleculés in adjacent léyers, This con-.

clusion is supported by the fact that the frequency of this mode is

:ﬁearly independent of the length of the end groups. As temperature

increases and the smectic phase is reached, the interaction between
: L 10 o . o .
layers is weakened =~ when the spacing between them increases. This

explains the observedvshift of the phonbn mode to a lower frequency
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(somewhat similar to the change of a lattice mode in response to’
structural change in the first~§rder‘phase transition of a solid).
The observed drop in intensity can also be explained in terms of the
QeakerAintermolecuiar interaction due to a larger spacing betweeﬁ
layers, and-the.newly attained rotational'freedom in the smectic
phase. That the molecules acquire such rotational freedom-in the
smeCtic’A phase is suéported by the sigﬁificant increase (40-50%),
which we obServed,vin the linewidth of the high frequency modes. In
the isotropic¢ liquid, the breakdéwn ofbbrder results in a véry small
number of.pairs of molecuies which interacf with a definite configura-
~ tion through the carboxyl groups, and hence the low~-frequency Raman
mode disappears.

In the spectral region of 100 to 2000 cm—l, we observed aréund 30
strong Raman lines (as'compared witﬁ 13 lines téportéd by Zhdanqva
_gigl.a) of the same order of inteﬁsity as the 992 cm_l liﬁé of pure
benzene. As the samﬁles changed ﬁhase from solid to smectiéyénd to
isotropic, most of the lines_broaden and some decrease in intensity.
However, no frequency shift was detectable in any of these lines.

Our complete Raman sbectra of the homologbus'members of DEAB and DEAC
in the three phases will Be published elsewhere.

We have also investigated the Raman spéctra of some smectic
members of the hqmologoué series of azoxybenzene énd found no low
frequenty modes. 'The‘end groups of these compounds have larger
molecular weights. One shculd therefore predict a much smallér
frequency for ﬁhe intermolécular mode. This is'consiétent with our

observation.
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A quantitative analysis of the results using a simple phase-
transition model will be initiated in order to gain better understanding

of the results.

\"‘-x,
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.'FICURE CAPTIONS
Fig. 1. Low frequency Raman spectra of DEAB in the three phases:
(a) solid phase at foom»tempefature; (b) smectic phase at
T =1114.7°C; (c) iiquid phase at T = 124.1°C. The slit width -

is 1.5 cm—l.

Fig. 2. Temperature dependence of the.shift of t:he.22-cm—l mode of

DEAB.
Fig. 3. Temperature dependence of the integrated intensity of the

22 cm—l mode of DEAB.
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